Cutaneous lesions of the human sexually transmitted genital ulcer disease chancroid are characterized by the presence of intraepidermal pustules, keratinocyte cytopathology, and epidermal and dermal erosion. These lesions are replete with neutrophils, macrophages, and CD4
Chancroid is a sexually transmitted cutaneous genital ulcer disease caused by Haemophilus ducreyi (reviewed in references 6, 10, and 17) . This disease is a serious public health concern in many tropical developing nations, where genital ulcerating diseases contribute significantly to the spread of human immunodeficiency virus (HIV) (18) .
Chancroid ulcers are characterized by surface pustules composed of neutrophils and necrotic debris, keratinocyte cytopathology, and dense dermal inflammatory infiltrates (2, 7, 14) . Neutrophils, macrophages, and CD4 ϩ T cells migrate to the site of H. ducreyi infection in a delayed-type hypersensitivity response involving predominantly Th1-type cytokines (7, 12, 13) . Bacterial products that might play a role in chancroid ulceration include factors that cause cell damage in vitro, such as cytotoxin (1) and hemolysin (11) , and factors that enable bacterial survival in chancroid animal models, including a hemoglobin-binding protein (15) and a periplasmic superoxide dismutase (our unpublished data). However, the unique interactions of bacterial molecules and elements of the host immune response that result in the characteristic histopathology of chancroid ulceration are not known.
Our laboratory has developed a juvenile pig model of chancroid that mimics human infection. H. ducreyi infection of pigs results in disease that resembles human chancroid from the development of ulcers histologically similar to chancroid in humans, with an immune cell infiltrate of neutrophils, macrophages, and T cells, to the lack of protective immunity (4). To determine the role of the host immune response in the histopathology and progression of chancroid, we examined the effect of immune cell deficiency on ulceration induced by H. ducreyi in the pig model of chancroid. by the day of infection. Numbers of circulating polymorphonuclear leukocytes (neutrophils), lymphocytes, and monocytes all significantly decreased after administration of CPA (Table  1) [all P Ͻ 0.05 by t test]).
Pigs were inoculated on the ears with an estimated delivered dose of 10 4 CFU of H. ducreyi 35000 by using an allergen delivery device as previously described (4) . H. ducreyi-infected sites and control sites inoculated with phosphate-buffered saline (PBS) were biopsied on days 2 and 7 by using 6-mm skin punches (Acuderm, Ft. Lauderdale, Fla.). Samples for brightfield microscopy were fixed in 4% paraformaldehyde in PBS at 4°C, embedded in paraffin, sectioned, and stained with hematoxylin and eosin (Histopathology Reference Laboratory, Richmond, Calif.).
In response to H. ducreyi infection, immune-competent pigs developed skin lesions with the characteristic features of chancroid disease. In immune-competent pigs 2 and 7 days after inoculation, most H. ducreyi-infected sites showed surface micropustules consisting of neutrophils and tissue debris, complete erosion of the epidermis, ballooning and cytopathology of keratinocytes surrounding the micropustule, and near confluence of inflammatory cells in the dermis below the micropustule (Fig. 1) .
In contrast, a typical day 2 lesion from a CPA-treated pig 
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on June 25, 2017 by guest http://iai.asm.org/ had a mildly acanthotic but intact epidermis with a microbreak at the site of inoculation bordered by regenerative keratinocytes beginning to repair the microbreak. The dermis had large clumps of bacteria and degenerating neutrophils with pycnotic nuclei (Fig. 2B ). Day 7 lesions were similar to day 2 lesions in that surface epithelia were fully intact (Fig. 2C) . Epidermal erosion, a requirement for the transmission of HIV and H. ducreyi itself (5, 9, 18), did not develop in immune cell-deficient animals, suggesting that the host immune response is required for ulceration and, consequently, that host immune responses may play a role in the spread of chancroid, as well as HIV. The participation of the immune response in tissue injury has been observed in many other disease models. In one study, the elimination of circulating neutrophils in a guinea pig model of Pseudomonas-induced acute respiratory distress syndrome significantly diminished lung injury while stimulation with recombinant granulocyte colony-stimulating factor significantly decreased survival (16) . Death of epidermal keratinocytes in the spinous layer was evident in H. ducreyi-infected skin of CPA-treated pigs 7 days after inoculation (Fig. 2C) , suggesting that some tissue damage may occur in the absence of a normal host immune response and as a direct result of the action of specific bacterial factors. H. ducreyi has been shown to cause cell death in vitro (3), through the actions of a secreted cytolethal distending toxin (1) and a surface-associated hemolysin (11) .
Localization of H. ducreyi in infected pig skin. Although we consistently recovered viable H. ducreyi from infected immunecompetent pigs, our attempts to localize bacteria in skin biopsies by using various stains and bright-field microscopy were unsuccessful. Other groups have experienced the same difficulty (12) (13) (14) . Consequently, to localize H. ducreyi within infected pig skin, we used transmission electron microscopy (TEM). We surveyed ultrathin sections embedded in LR white on pioloform-treated nickel grids (Ted Pella, Inc., Redding, Calif.) probed with rabbit polyclonal anti-H. ducreyi antiserum and goat anti-rabbit immunoglobulin G conjugated to 15-nmdiameter gold particles (3) .
Visible H. ducreyi organisms were rare in immune-competent pigs, appearing as single cells within necrotic macrophages and granulocytes, amidst collagen fibers in the dermis, or between necrotic keratinocytes (Fig. 3A and B) . In contrast, H. ducreyi cells were readily visible by TEM in skin of infected immune cell-deficient pigs. Clumps of bacteria were visible predominantly in the dermis amidst host cell debris and extracellular matrix components and often surrounding or adjacent to host cell ghosts ( Fig. 3C and D) .
We have determined that H. ducreyi numbers at an inoculated site 2 days postinoculation of a CPA-treated pig can be as much as 1 order of magnitude greater than the number in a similarly-infected site on an immune-competent pig (our unpublished data). The abundance of H. ducreyi cells in infected CPA-treated pigs and their relative rarity in immune-competent pigs provide evidence that neutrophils, lymphocytes, and macrophages may control H. ducreyi growth and that the host immune response may play a role in the clearance of chancroid.
The immune cell-deficient pig model promises to be a valuable tool with which to study bacterial and host factors involved in chancroid pathogenesis. Engineered H. ducreyi variants with mutations in genes putatively involved in immune evasion and survival of host bactericidal mechanisms can be compared in immune-competent and CPA-treated pigs. The increased ability to visualize the infected site in CPA-treated pigs due to the absence of overwhelming numbers of immune cells could also be exploited for the analysis of cytopathic or cytotoxic effects of specific H. ducreyi gene products. The increasing availability of monoclonal antibodies to pig immune cells will also allow future studies involving the selective depletion of entire classes of immune cells or molecules to define the contributions of these factors to chancroid pathology and H. ducreyi clearance.
In summary, we have provided evidence that the host immune response to H. ducreyi infection is required for the development of chancroid ulcers and the associated loss of epidermal integrity necessary for H. ducreyi transmission. We have also observed keratinocyte cytopathology occurring largely in the absence of immune cells, suggesting that H. ducreyi may contribute to the tissue damage associated with chancroid. The immune cell-deficient pig model can be further used to dissect bacterial and host contributions to disease progression in chancroid.
